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ABSTRACT 

In this paper we investigate the relation between the detailed isophotal shape of el- 
liptical galaxies and the strength of the H/3 absorption in their spectra. We find that 
disky galaxies have higher H/3 indices. Stellar population synthesis models show that 
the H/3 line is a good age indicator, hence disky galaxies tend to have younger mean 
ages than boxy galaxies. We show that the observed trend can be brought about by a 
contaminating young population, which we associate with the disky component. This 
population need only account for a small fraction of the total mass, for example if a 
contaminating population of age of 2 Gyrs is superimposed on an old (12 Gyr) ellipti- 
cal galaxy, then the observed trend can be explained if it contributes only 10% to the 
total mass. The size of this effect is consistent with the estimates of disk-to-total light 
ratios from surface photometry. 

Key words: galaxies: elliptical and lenticular - galaxies: evolution - galaxies: stellar 
content - galaxies: structure 
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1 INTRODUCTION 

Recently a controversy has arisen over the ages of elliptical 
galaxies. The conventional view is that elliptical galaxies are 
old and coeval systems, formed by an initial star burst about 
15 Gyrs ago. New population syntheses (Worthey 1994) com- 
bined with new observations of linestrengths in a large sam- 
ple of elliptical galaxies (Gonzal ez (19931) , have broug ht this 



view into question ( Faber et al. 1995; Worthey et al 



1995 



for review see Davies 1996). These studies show that over a 



small range in metallicity, luminous elliptical galaxies span 
a wide range of H/3 absorption strengths implying ages from 
greater than 12 Gyrs to as young as 3 Gyrs. Many ellip- 
tical galaxies have isophote shapes that deviate from pure 
ellipses at the 1% level i n the sense of being either "disky" 
or "boxy" (Bender et al. 1989). Here we investigate the hy- 



pothesis that the apparent young ages are brought about 
by the superposition of a young population (associated with 
the disky component) on an old elliptical population. 

Determinations of the ages and metallicities of ellipti- 
cal galaxies suffer from a degeneracy, both increased age and 
increased metallicity tend to redden the spectral energy dis- 
tribution of a single stellar pop ulatio n and strengthe n the 
metal ab sorpti on lines (Renzini 1986; Buzzoni et al. 19 
Worthey 1994). Recently, spectral indices have been iden- 



tified that break this degener acy. T he stellar population 
synthesis models of Worthey (1994) indicate the H/3 and 



[MgFe] indices can be used in combi nation to determine age 
and metallicity separately. Gonzalez (1993) collected longslit 
spectra of major and minor axis of a sample of about 40 el- 
liptical galaxies. His observations indicate a substantial age 



spread among elliptical galaxies, as the H/3 index shows a 
large range of values over a small range in metallicity. This 
conclusion is difficult to reconcile with the hypothesis that 
elliptical galaxies have a single epoch of formation and are 
old, as has been inferred from the small scatter in their 
colour-magni tude, Fundam ental Pla ne an d Mg2,a relations 
(Bower et al. |l992a| , ft992b| ; Renzini fL99fj). However in cos- 
mological simulations where gala xies form th rough a hier- 
archy of merg ers (C ole et al 1994; Kauffmann 1995; Baugh, 



Cole & Frenk 1996), the stars that currently dominate the 



luminosity of giant galaxies could have a range of ages (if 
we associate star formation with those mergers that are 
gaseous). In such models, luminous elliptical galaxies form 
late (at redshifts < 1) suggesting that at least the youngest 
populations, formed in the most recent merger, would be 
< 5 Gyrs old. If elliptical galaxies consist of populations of 
different ages, the linestrengths will only reflect the lumi- 
nosity weighted average age, not the age of formation or 
even the age of the last starburst. As young populations 
tend to be much more luminous, a small young population 
can dramatically change the stren gth o f the lines (for de- 
tailed modeli ng see Chariot & Silk 1994; Bressan, Chiosi & 
Tantalo 1996). If there are several stellar population compo- 



nents in a galaxy one has to remain alert to the possibility 
that the H/3 and [MgFe] lines might not arise from the same 
stellar populations. 

Elliptical galaxies have almost perfectly elliptical 
isophotes however small deviations fro m ell ipses have been 
me asured repeatably (Peletier et al. 199C , Goudfrooij et 
al. 1994 ). Higher order Fourier terms have been used to 
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parametrise these deviations. Unless isophotes are dramat- 
ically perturbed by the presence of dust, the higher order 
terms are small, only the fourth order cosine (cos(4#)) term 
showing significant deviations from zero. The maximum de- 
viation in the cos(46 l ) term as function of radius is taken 
as the characteristic value for the system, denoted by C4. 
Galaxies with disky isophote distortions have positive C4 
values and those with boxy isophote distortions have nega- 
tive values of C4. 

Projection effects make the general interpret ation of the 
C4 parameter n on-tri vial (Kochanek & Rybicki 1996 ; Ger- 
hard & Binney 1996). The C4 interpretation of highly in- 
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clined systems is less ambiguous, positive C4's clearly result 
from disks embedded in the galaxy body. Even so, the C4 val- 
ues cannot be translated directly into a disk-to-bulge (D/B) 
ratio. C4 only relates to the maximum deviation from ellip- 
ticity at a certain radius and the relation between C4 and 
D/B ratio depends critically on the relative surface bright- 
ness and scalelengths of bulge and disk. We will use C4 val- 
ues only as an indicator of disk presence, not as an direct 
indicator for B/D ratios. 

Here we explore how the diagnostic of youth, 
H/3 strength, is correlated with the deviation of the isophotes 
from perfect ellipses. In section two we present the correla- 
tion and in section three we explore how such a trend can be 
accounted for using Worthey's population models. In section 
4 we consider the wider implications. 



2 H/3 INDEX VERSUS ISOPHOTAL SHAPE 

To investigate whether there is a relation between isopho- 
tal shape and the H/3 index for elliptical galaxies, a large 
number of measurements were collected from the literature. 

The C4 iso phot al shape paramet ers we re collected from 
Bender et a l. ( 1989| ), Peletier et al. ( |l99C| ) and Goudfrooij 
et al. (1994). Two different methods to evaluate C4 were 



used by these authors, and the difference produces a small 
scaling between the measured values. This was removed us- 
ing a linear relation for the galaxies in c ommon between 
the different authors (see also Peletier 1989). The maximum 
rms error between the measured C4 parameters of any two 
papers was 0.003, which we will assume to be the typical un- 
certainty in the C4 parameter. The average of all available 
C4 measurements (<C4>) was used as best estimate of the 
C4 parameter of a galaxy. 

The measurements of the equivalent width of t he H /3 
absorption line were mainly obtained from Gonzalez (1993), 
with a few a dditional galaxies from Davies, Sadler & 
Peletier (1993). Gonzalez simulated aperture spectroscopy 



of his galaxies using longslit spectra. Azimuthal integration 
was simulated by taking luminosity and radially weighted 
averages of the linestrengths measured along the major and 
minor axis. We applied a similar procedure for the Davies 
et al. data, calculating linestrengths within the 1/8 and the 
1/2 effective radius (R a ) of the galaxies. Gonzalez corrected 
the H/3 absorption linestrengths for infilling due to emission 
by a relation between the strength of the H/3 line emission 
and that of the the [OIII] line at 5007 A, namely AH/3= 
0.7 [OIII]. We have adopted these corrected values. The va- 
lidity of thi s correction has been questioned by Carrasco 
et al. (1995) who compared the change in H/3 with that in 



K 
F5 



ffi 1.5 



e>0.15 
egO. 15 



o 



o 



-0.02 



boxy 



<C4> 



0.02 

disky 



Figure 1. The average C4 index, determined as described in text, 
versus the H/3 equivalent width within R e /2. The open symbols 
indicate galaxies with cllipticity (e) less than 0.15, solid symbols 
have ellipticity more than 0.15, for which it is easier to determine 
C4. Typical error estimates are indicated in top-right corner. 



0[III] from one side of the nucleus to an equal radius on the 
opposite side in a sample of 26 galaxies. Assuming that the 
intrinsic H/3 absorption is symmetric about the nucleus they 
should have recovered the Gonzalez relationship, however 
they did not, rather they found no correlation between the 
changes for galaxies with [OIII] < 1.5 A. The emission cor- 
rection is rather uncertain as the range of O [III] /H/3 emis- 
sion ratios in LIN ERS and HII regions is large (Ba ldwin , 
Phillips, Terlevich |l98l|; Ho, Filippenko & Sargent |l993[). 



We use the corrected values but note that the uncorrected 
(lower) values of H/3 result in age estimates that are consid- 
erably older than those discussed by Gonzalez and collab- 
orators and therefore establishing the correct H/3 emission 
correction is a fundamental step. In general the measure- 
ments of Gonzalez and Davies et al. agree to within the 
stated errors, with a typical uncertainty of 0.18 A rms. 

In Fig. hi we plot the <C4> parameter against the H/3 
equivalent width within R c /2 for all the galaxies for which 
we have data. For galaxies with ellipticities of e ^ 0.15 it is 
hard to determine C4, these are indicated by open circles. 
A trend is apparent in Fig. [j], for galaxies with e > 0.15 the 
Spearman rank correlation coefficient is 0.48 indicating that 
the probability of finding such a correlation by chance is less 
than 2.5%. All boxy galaxies have H/3 indices less than 1.8 A, 
while the disky galaxies have often much higher indices, with 
no values below 1.6 A. Similar trends are found when R e /8 
is used instead of R c /2 or when the H/3 linestrengths are not 
corrected for emission. 



3 MODELS 

Can the <C4> versus H/3 trend be understood in terms of 
simple stellar synthesis models by combining an old and a 
young population? If the high H/3 indices in disky galax- 
ies are caused by a young disk component superposed on 
the old bulge component, we have to determine the typical 
mass and/or luminosity fraction of this disk within Re/ 2 
or R B /8. A number of disk/bulge decomposition methods 
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can b e fou nd in the literature (for review see Capaccioli & 
. We will use th e 2D bulge/disk decompo sition s 
Michard fll99C| ) and of Scorza & Bender fll99B| ) 
to determine the typical range in Disk-to- Total (D/T) lu- 
minosity fraction of disky ellipticals in the region where the 
H/3 indices have been measured. 

Simien & Michard find D/T ratios of 0.14 for two ellip- 
tical galaxies. Scorza & Bender find D/B ratios from 0.03 to 
0.28 for their sample of disky ellipticals, which translates in 
D/T ratios of about 0.03 to 0.22. They were able to calculate 
local D/B ratios and concluded that these values were con- 
sistent with the values they derived from the independent 
analysis of line profile shapes determined from long slit spec- 
tra. They found typical local D/T values within R B /2 of 0.1 
to 0.4 for disky ellipticals. We will use this range of values to 
form models of old and young populations using the models 
of Worthey (1994). Because younger populations are more 
luminous than older ones we use the M/L ratios of the mod- 
els to link the observed luminosity ratios to the mass ratios of 
the populations. Similarly we cannot simply take the average 
of the equivalent H/3 (or other) linewidths of the old and the 
young population to calculate the linestrengths of the com- 
bined population. Ideally we should add the spectra of the 
two populations scaled by the appropriate mass fractions, 
however as Worthey's models do not synthesise spectra but 
give magnitudes, colours and line indices, we have adopted 
a simpler approach. Before averaging two populations, we 
weight the linestrengths by the local continuum, which we 
approximate by using the M/Lv ratios of the young and old 
populations. Starting with a 12 Gyr old population, we add a 
young population of between and 20% in mass to calculate 
the resulting D/T luminosity ratios and linestrengths. 

Figure ^ shows the results of such calculations. Starting 
with a 12 Gyr old population of either solar or about 3 times 
solar metallicity, we add, in the top figure, solar metallicity 
populations of 1.5, 2, 3 or 5 Gyr and, in the bottom figure, 

2 Gyr populations with [Fe/H] = -0.225, 0, 0.25 or 0.5. The 
mass fraction of young-to-total population was varied from 
to 20%. The young populations have a strong effect on 
the luminosity fraction and the indices, even for small mass 
fractions. Different age and metallicity combinations for old 
and young populations illustrate the same basic result. A 

3 Gyr old population can easily increase the H/3 index by 0.4- 
0.8 A, even with mass fractions of 20% or less. Making the 
old population even older than 12 Gyr will shift the tracks 
down slightly so that a smaller young mass fraction is needed 
to produce the same effect in luminosity and H/3. H/3 is a 
good age indicator, with less sensitivity to metallicity than 
most other lines, but a lower metallicity young population 
still has considerably more effect on the H/3 equivalent width 
than a high metallicity young population. 

Let us now compare the observed range in H/3 indices 
and D/T ratios with these models. All boxy galaxies have 
H/3 indices less than 1.8 A, consistent with the single burst 
12 Gyr old populations of solar or super-solar metallicity. 
The disky galaxies have H/3 indices of 1.6-2.2 A within R c /2 
(and similar values within R c /8), while the D/T ratios are 
between 0.1 and 0.4 in these simulated apertures. These 
ranges have been indicated by the dotted lines in Fig. [| 
Clearly the full range in H/3 can be reached within the per- 
mitted range in D/T light ratios. In the most extreme case 
of a (12 Gyr old plus a 1.5 Gyr young) population, a 10% 
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Figure 2. Model calculations of the combined effects of old and 
young populations, showing the young-to-total luminosity ratio 
versus H/3 equivalent width. All old populations are 12 Gyr, with 
either metallicity [Fe/H] =0.0 or 0.5 as indicated. In the top panel 
the young population is of solar metallicity, with ages 1.5, 2, 3 or 
5 Gyr from top to bottom. In the bottom panel all young pop- 
ulations have an age of 2 Gyr, but the metallicity varies with 
[Fe/H]=-0.225, 0.0, 0.25 and 0.5 from top to bottom. Each tick- 
mark along the model lines corresponds to a 5% increase in the 
young- to-total mass of the stellar populations. The dotted lines 
indicate the observed range in H/3 linestrength and luminosity ra- 
tios in disky ellipticals. Data for three galaxies (NGC821 circles, 
NGC 3377 triangles and NGC 4268 squares) are plotted, the solid 
symbols indicate the R c /8 values, the open symbols the Re/2 
values (see text). 



disk mass contamination is sufficient to cover the full H/3 
range. 

For three galaxies (NGC 821, NGC 3377 and NGC 4697) 
we have calculated the exact position in Fig. , using the 
D/B decompositions of Scorza & Bender (1995). The pro- 



cedure to calculate D/B ratios within R c /2 and Rc/8 was 
identical that used by Gonzalez to calculate line indices in 
simulated apertures. D/B profiles along major and minor 
axis were extracted from the original D/B maps produced 
by Scorza & Bender. These were luminosity and radially 
weighted to calculate average D/T values within R e /2 and 
Rc/8. NGC 821 and NGC 4697 lie in the region covered by 
the models, only the R e /2 point of NGC 3377 can not be ex- 
plained by the models. This galaxy has a large (and uncer- 
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Figure 3. The H/3 versus [MgFe] equivalent width for all galax- 
ies, solid circles the galaxies with <C4> ^ 0.005, open squares 
<C4> < 0.005 and crosses galaxies with no measured C4. The 
lines show models, in which we combine 12 Gyr old populations of 
the indicated metallicities with young populations of Solar metal- 
licity. To each old population we have added, from top to bottom, 
a 1.5, 2, 3, or 5 Gyr young population. Each tickmark along the 
model lines is 5% increase in the young-to-total mass of the com- 
bined populations. 



tain) emission line correction of 0.35 A, which might explain 
the discrepancy. A sub-solar metallicity in the main body of 
this galaxy would also remove the discrepancy. 

We have shown that the modeled H/3 indices are con- 
sistent with the young disk interpretation and no w exp lore 

see 



consistency with the m etal line indices. Gonzalez (1993 



also Faber et al. 1995) uses a combination of the Mgb and 
the Fe 5270+Fe 5335 indices to formulate a [MgFe] index, 
empirically estimated to be a good metallicity indicator. 
Figure |§] shows the data for Gonzalez galaxies with the 
above models superimposed. Consistent models for both a 
good age indicator (H/3) and a metallicity indicator ([MgFe]) 
can be produced by combining an old metal-rich population 
with younger populations. Different combinations of age and 
metallicity and of old and young populations can cover the 
distribution of points without conflicting with the observed 
D/B decomposition results. 

Due to the discreteness in age and m etallicity of the 
populations calculated by Worthey (1994) we have opted 
here for simple combinations of young and old populations, 
however, continuous low level star formation or a series of 
small starbursts will produce similar effects in disk-to-total 
luminosity and integrated line indices. The point is that the 
old galaxy with young disk interpretation is consistent with 
the observations. One should be careful to interpret the line 
indices observations, which are heavily biased to the central 
regions of the galaxies, as indicative for the stellar popula- 
tion of the whole galaxy. 



4 DISCUSSION 

We have shown that the central H/3 indices of elliptical 
galaxies are correlated with their C4 parameters measuring 
isophotal shape. This suggests that the young ages found in 
some elliptical galaxies are associated with the disky com- 
ponents in these galaxies. Simple modelling, adding a small 
young population to an old population is capable of repro- 
ducing the change in the H/3 and metallicity indices by the 
required amount. These models are also consistent with the 
D/T light ratios determined from the limited surface pho- 
tometry available. 

Given that the disky population of ellipticals is younger 
than the main body of the galaxy we are prompted to spec- 
ulate on its origin. If it arises via mass lost from the host 
population that has settled into a disk by dissipation, we ex- 
pect the gas to have high metallicity. However if the gas was 
accreted either from a low mass satellite galaxy or a reser- 
voir of cold intergalactic gas we would expect a metallicity 
lower than that of the host. Disks formed from gas that has 
condensed out of cooling flows will also be metal poor, but 
will form over a extended period of time. Therefore if we 
were able to determine the metallicity of the disk (or gas) 
in a sample of such galaxies we would learn about the ori- 
gin of these features. In either case not all elliptical galaxies 
are dormant star-piles. The possible range in disk age and 
metallicity is strongly dependent on the disk origin. 

We conclude that further investigation of the ages of 
(disky) elliptical galaxies is required, using spatially resolved 
age indicators. Two possibilities are the comparison of the 
spatial distribution of line indices using long slit or integral 
field spectroscopy of galaxies and the colours of disks/bulges. 
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